ABSTRACT
INTRODUCTION

Tannin based rigid foams are known for a long time as natural products resistant to fi re like synthetic phenolic foams and for their application as fl oral foams
. These fl avonoid-furanic foams are constituted of around 95% of natural products. Furfuryl alcohol is obtained throughout catalytic reduction of furfural (Nagaraja et al. 2003) which is obtained by hydrolysis of the sugars from several agricultural crops (Aguilar et al. 2002) , while tannin polyfl avonoids are vegetal products obtained by water extraction from the wood and the bark of trees. Fig.1 , mostly linked 4-6 or 4-8 to each other. The addition reaction of formaldehyde produce hydroxymethyl groups mainly at the free C8 or C6 sites (Pizzi 1994) . (Touloukian et al. 1970) .
Condensed polyfl avonoid tannins, due to their phenolic nature, can undergo some of the typical reactions of phenol such as reacting rapidly with formaldehyde under acid and alkaline conditions.
Condensed tannins are oligomers constituted by fl avonoid repeating units as shown in
The most common commercial condensed tannins used for tannin foams are mimosa (Acacia mearnsii, or mollissima) bark tannin and quebracho (Schinopsis balansae and Schinopsi lorentzii) wood tannin.
Scanning Electron Microscopy
Scanning electron microscopy was done using a Hitachi S-520 microscope at 30, 100 and 300 magnifi cations to characterize the foams. 
RESULTS AND DISCUSSION
The appearance of tannin-based rigid foams observed by scanning electron microscopy is evident in Fig. 4 (Meikleham and Pizzi 1994 ). Table  1 (Meikleham et al.1994 . Fig. 5 shows also that thermal conductivity at these low density appears to be in practice independent of the foam density. Furthermore (Fig. 5) , the thermal conductivity is slightly higher in the direction of foam growth than in the direction perpendicular to it, although such a difference is not very marked. Fig. 6 Fig. 1 are shown the samples once the mix has been foamed within plywood boxes. The foam in excess, protruding from the boxes is then cut with a knife to give an even surface (Fig. 1) and a plywood lid nailed in place to close the box before exposure to the weather. Fig. 6 shows the conditions of a foam in a box open just before weather exposure (Fig. 2) , and after the box has been forced open after 8 months exposure to the weather (Fig. 7 ) (exposure will still continue for two years). One can see that the foam, notwithstanding the damage due to the rough opening of the wooden box encasing it, is still in good conditions. Examination of the interior wood surface of the box with an optical microscope (Fig. 8) 
Figure 4. Scanning electron microscope image of detail of a fi nished tannin-based rigid foam at 30 magnifi cation. Note the regularity of the foam cells and the distribution of the open ducts in the foam cells.
The use of insulating foams for construction cavities rests on two important parameters: (1) the capability of the foam to thermally insulate a structure and (b) the capability to withstand exterior humidity if the structure is exposed to the weather. The fi rst property is essential for all applications both interior and exterior. Thus, for insertion in interior hollow-core doors, or hollow core wooden walls, the thermal conductivity of the foam itself, not that of the structure, has to be determined. The tests of thermal conductivity of different density tannin-based foams of different density are shown in
The second parameter of interest is the capability of the foam to withstand exterior humidity if the structure is exposed to the weather. This is of particular importance in the case of tannin-based foams because these are acid setting. Although not apt for structural applications, and by themselves alone being well capable to take any weather, as any phenolic resin can, their acidity may constitute a problem if the acid would attack the wood walls of the door in which the foam is encased. In
